Aim This study examines associations between the variability in bed/rise times, usual bed/rise time and dietary quality, physical activity, alcohol consumption, sitting time, sleep insufficiency and a composite index of behaviors. Subject and methods A random sample of Australian adults drawn from an online Panel cohort in 2013 completed a crosssectional online survey. A total of 1,317 participants, median age 57 (IQR=20) completed the survey. Bed-and wake times, variability in bed-and wake-times, dietary quality, physical activity, alcohol consumption, sitting time, sleep insufficiency and socio-demographics were assessed using a questionnaire. Associations were examined with generalized linear models. Results Having bed -times that varied by >30 min were associated with lower dietary quality, higher alcohol consumption, higher sitting time, more frequent insufficient sleep and poorer overall pattern of lifestyle behaviors. Greater variability in wake times, usual bed times and usual wake times were inconsistently associated with lifestyle behaviours. Conclusions Greater bed-time variability is associated with a less healthy pattern of lifestyle behaviors. Greater consistency in sleep timing may contribute to, or be reflective of, a healthier lifestyle.
Introduction
Adequate sleep is an important part of maintaining good health and reducing chronic disease risk (Buysse 2014; Luyster et al. 2012) . Importantly, adequate sleep has been shown to not just be determined by sleep duration; several other dimensions of sleep operate synergistically to contribute to adequate or healthy sleep including the efficiency, timing, quality of sleep and levels of daytime alertness (Buysse 2014) . Studies frequently demonstrate that shorter (e.g., <6 hours/night) and longer (e.g., >8 hours/night) sleep durations, sleep quality complaints (e.g., frequently waking up, trouble initiating or maintaining sleep), and greater daytime sleepiness are associated with poorer mental and physical health (Cappuccio et al. 2010; Duncan et al. 2014; Empana et al. 2009; Holliday et al. 2013) . Sleep is known to have a direct influence on health and to also operate through a combination of behavioral, metabolic, and hormonal factors to influence health and lifestyle behaviors (Grandner et al. 2010; Knutson 2010) . For example, lack of sleep alters hormonal factors, which in turn lead to increased energy intake, preference for energy dense foods and poorer dietary quality (Chaput 2014) . Conversely, improved sleep quality (greater efficiency and fewer awakenings) is associated with increased physical activity on the following day (Lambiase et al. 2013) . Initiating and maintaining regular bed and wake times is important for establishing a regular sleep schedule to achieve adequate sleep and greater variability in bed and wake time has been observed in people with insomnia (Buysse et al. 2010; Irish et al. 2014a; Stepanski and Wyatt 2003) . Regular bed and wake times are thought to assist in maintaining the synchronisation of an individual's sleep drive and circadian rhythm, which in turn promotes adequate sleep (Irish et al. 2014a; Stepanski and Wyatt 2003) ; however, a combination of biological, social, cultural, and environmental factors influence the timing of sleep (Grandner et al. 2010; Wittmann et al. 2006) .
The timing of going to bed and waking up not only influences sleep, it may also influence other lifestyle behaviors strongly linked to chronic disease. This has been clearly shown in the case of diet, whereby later bed times have consistently been shown to be associated with poorer diet behaviors (Baron et al. 2011; Haraszti et al. 2014; Kanerva et al. 2012; Lucassen et al. 2013; Sato-Mito et al. 2011) . Findings of the link between timing of sleep and physical activity have been mixed (Shechter and St-Onge 2014) and very little research on other lifestyle behaviors such as sitting time has been conducted (Chaput 2014; Shechter and St-Onge 2014) . Studies to date have examined the link between sleep timing and lifestyle behaviors separately and have not considered the influence of sleep timing on engaging in multiple behaviors simultaneously, which is important given that engaging in a number of healthy lifestyle behaviors reduces disease risk in a dose-response manner (Ford et al. 2011; Hoevenaar-Blom et al. 2013; MartinezGomez et al. 2013) . These studies provide information on how sleep timing influences lifestyle behaviors, but not on how variation in sleep timing influences lifestyle behaviors. This is important to consider given that sleep timing can vary for a number of reasons and that greater variation in sleep timing is associated with more frequent insufficient sleep (Grandner et al. 2010; Strine and Chapman 2005; Wittmann et al. 2006) . Furthermore, a review of sleep hygiene recommendations reported that there is not currently strong evidence regarding the influence of consistent sleep and wake times to improve sleep in the general population (Irish et al. 2014a ). Therefore, this study aims to examine how usual bed-time, rise-time, and variation in bed-and rise-times are related to dietary behaviors, physical activity, sitting time, alcohol consumption, sleep insufficiency and also a composite index of these behaviors.
Methods

Study design
Study participants were members of the Australian Health and Social Science (AHSS) panel study conducted by the Population Research Laboratory at Central Queensland University. AHSS panel study members were a randomly selected sample of Australian adults recruited annually from 2009-2013 via a computer-assisted-telephone-interview (CATI). Panel members were recruited in two ways. A series of specific CATI surveys conducted by the Population Research Laboratory to recruit panel members in which phone numbers were randomly selected from electronic white pages covering all states and territories in Australia. And also by inviting those who had completed the Queensland Social Survey, a separate CATI survey conducted by the Population Research Laboratory, to be part of the panel. Further details of the sampling methods used for the Queensland Social Survey are described elsewhere (Pimm et al. 2015) . Following the initial invitation to participate in the panel, people were instructed to complete a brief online survey to provide basic demographic data. Once recruited and the brief survey was completed, panel members were asked to complete regular online surveys on various health-related topics. In OctoberNovember 2013, panel members (n=3,901) were emailed a link (URL) to the online survey for the current study and up to four email reminders were sent to participants who did not start the survey. Of those invited to participate in the current study, 2,034 respondents (52.1 %) completed the survey, and this study only reports details of the 1,317 participants (33.7 %) who provided complete data for variables of interest in this study. No power calculations were conducted prior to the conduct of this study. All participants provided informed consent to participate in the study and all procedures were approved the Central Queensland University Human Research Ethics Committee (H13/09-163).
Measures
Socio-demographics
Participants provided information on their age (years), gender, smoking status (yes/no), height (cm) and weight (kg) to calculate BMI, highest level of education (high school or less, technical college/advanced diploma, university), work schedule (mostly during the day, not during the day not during the day, mostly at night, afternoons, combination of nights, days and afternoons, or not working), employment status-fulltime, part-time/casual, not employed (retired, student, unemployed)-and presence of the following health conditions: cardiovascular disease, hypertension, hypercholesterolaemia, diabetes, asthma, emphysema, lung cancer, breast cancer, prostate cancer, bowel cancer, melanoma, non-melanoma skin cancer, dementia, anxiety, depression. Individuals could report the presence of more than one health condition; therefore, the total number of health conditions reported by an individual was used as a continuous measure. This information was collected during the survey which assessed lifestyle behaviours.
Lifestyle behaviors
Dietary behaviors were assessed using the Diet Quality Tool, a 13-item instrument that has adequate levels of test-retest reliability and validity (O'Reilly and McCann 2012) . In comparison to a 4-day food diary, the Diet Quality Tool had significant correlations with the percentage of energy from saturated fat (r=-0.500) and dietary fibre (r=0.559). The exact wording of the items and responses used in the Diet Quality Tool and further details on the validity of the instrument are provided elsewhere (O'Reilly and McCann 2012) . This instrument assesses various health-promoting dietary behaviors including the number of servings of fruit and vegetables, type of bread, fish and milk consumed, and the frequency that fat is trimmed from meat before cooking, salt is added to foods, consumption of pies, pastries, fried foods, hot chips, takeaway foods, and biscuits, cakes, chocolate, lollies, ice cream and crisps. Responses to each item are scored from zero to ten and a summary score is determined by summing the individual item scores. Physical activity was assessed using the Active Australia survey, a reliable (test retest ICC=0.59) and valid instrument (κ=0.24-0.47) to measure the duration and frequency of walking for recreation, walking for transport, and moderate-and vigorousintensity physical activity (Brown et al. 2004a, b) . Physical activity duration (minutes per week) was determined by summing the time spent in walking, moderateand vigorous-intensity physical activity with vigorous intensity physical activity weighted by two. Alcohol consumption was assessed using the Alcohol Use Disorders Identification Test (AUDIT-C), a valid and reliable threeitem instrument which assesses the frequency and volume of alcohol consumption (Bush et al. 1998) . Compared with the entire AUDIT instrument, the AUDIT-C was found to perform better regarding the detection of heavy drinking (area under the curve 0.891, Bush et al. 1998 ). The three items were scored according to established guidelines to provide an overall score where higher scores represent higher risk levels of alcohol consumption (Bush et al. 1998) . Average daily sitting time was measured using the Workforce Sitting Questionnaire, a 10-item instrument which assesses the time spent sitting for the purposes of work, transport, leisure, using a computer, and watching television on a typical day in the previous week (Chau et al. 2011) . The test retest reliability of this instrument was fair to excellent ) and adequate levels of criterion validity in comparison to accelerometry (r=0.18-0.46, Chau et al. 2011 ). The total time spent sitting for each of these purposes is averaged to provide a measure of average daily sitting time. Sleep behavior was assessed using the five-item Behavioral Risk Factor Surveillance Screening Sleep Module (CDC) 2009). This study uses the item that measured the number of days in the previous 30 days that an individual reported feeling they did not get enough rest or sleep as measure of sleep insufficiency. The exact wording of this item is BDuring the past 30 days, for about how many days have you felt you did not get enough rest or sleep?^The potential range of responses was from 0 to 30 days and the number of days is used as a continuous measure in this study. The remaining four items of this module are not reported in this study as they focus on more severe indicators of insufficient sleep such as unintentionally falling asleep during the day or while driving, and if participants snore. To provide an indication of overall lifestyle behaviors, a lifestyle behavior index was developed by using standardized z-scores for the continuous measures of dietary quality, alcohol consumption, physical activity, sitting time and sleep insufficiency and adding the individual z-scores together. The z-scores for alcohol consumption, sitting time, and sleep insufficiency were reversed prior to summing them with other behaviors so that a higher overall score reflected a more favourable overall pattern of behavior. Such a lifestyle behaviour index is similar to those used in other studies assessing the relationship between multiple lifestyle behaviours and health outcomes (Ding et al. 2014; Duncan et al. 2014; Hoevenaar-Blom et al. 2013 ). However, in contrast to these studies, the current study combined the individual z scores of each of the behaviours rather than dichotomising the individual lifestyle behaviours and then summing the number of positive lifestyle behaviours engaged in as dichotomising the variables may reduce statistical power (Prochaska et al. 2008) .
The timing of and variability in bed-and rise-times were assessed using the Sleep Timing Questionnaire, which has demonstrated acceptable levels of validity and reliability (Monk et al. 2003) . This questionnaire assesses usual bedand rise-times on weekdays and weekends. Bed-and risetimes were reported in 15-min intervals and weekly bed-and rise-times were determined using a weighted average, e.g. [(5 × weekday bed-times)+(2 × weekend bed-times)]/7. The variability of bed-and rise-times were reported in 11 categories: 0-15, 16-30, 31-45, 46-60, 61-75, 76-90, 91-105, 106 -120 min, 2-3 h, 3-4 h and over 4 h. A value of 1-11 was assigned to each category where higher values indicate greater variability in bed-and rise-times. Overall weekly bed-and rise-time variability were determined using the weighted average-[(5 × weekday variability)+(2 × weekend variability)]/7; Soehner et al. 2011 ). Similar to other research , variability in bed-and rise-time were dichotomized into lower (overall weekly score ≤2.00) or higher (overall weekly score≥2.01) variability. These categories represent less than or greater than 30 min in variability bed-and risetimes and were selected a priori to provide an easily interpretable and operationalised target for interventions targeting improvements in sleep timing variability.
Statistical analysis
Separate generalized linear models were used to examine associations of usual bed-time, usual rise-time, variability in bed-and rise-times with each of the following: dietary quality, physical activity, alcohol consumption, sitting time, sleep insufficiency and all behaviors combined (using the lifestyle behavior index). Two separate models were used for each of these outcomes. In model 1, usual bed-time, usual rise-time, and variability in bed-and rise-times were entered into the model to examine their associations with each of the lifestyle behaviors without adjustment for any sociodemographic or behavioral factors. Model 2 included all model 1 variables and the additional covariates of age, gender, education level, BMI, smoking status, number of health conditions, and work schedule. These variables were selected as covariates as they are known to affect lifestyle behaviours, were related to one or more of the outcomes and/or also differed by variability in bed-and rise-times. The timing and variability in bed-and rise-times increases the likelihood of insufficient sleep, and insufficient sleep is associated with poorer lifestyle behaviors (Strine and Chapman 2005) ; therefore, to examine the association of usual bed-time, usual rise-time, variability in bed-and rise-times with dietary quality, physical activity, alcohol consumption and sitting time, a third model (model 3) was used that included all model 2 variables and the additional covariate of days of insufficient sleep. Tables 2, 3 , 4, 5, 6, and 7 provide information on the specific model type and link function used for each of these analyses. For each analysis, model fit was evaluated using indices of model fit (i.e. AIC, BIC), and the model that provided the most optimal fit was selected. Sensitivity analyses including those participants who reported only working during the day or not working, replicated model 3 analyses for dietary quality, physical activity, alcohol consumption and sitting time, and model 2 analyses for the lifestyle behavior index. Comparison of respondents included and excluded from the current analysis on continuous covariates (age, BMI and number of chronic diseases) and categorical covariates (gender, smoking status, work schedule) were made using independent t-tests and chi-square respectively. Analyses were conducted in PASW version 22 and results are reported as exponentiated coefficients with statistical significance set at <0.05.
Results
Results of this sensitivity analysis revealed that the magnitude, direction and statistical significance of all variables were similar to the overall sample analysis with the exception of bed-time variability and physical activity [overall sample: b (exp)=0.94, 95 % CI 0.88-1.00, p=0.066; b (exp)=0.93, 95 % CI 0.86-0.997, p=0.042], bed-time variability and sitting time [overall sample: b (exp)=1.07, 95 % CI 1.01-1.13, p=0.014; b (exp)= 1.06, 95 % CI 1.00-1.12, p=0.052], and bed-time variability and sleep insufficiency [overall sample: b (exp)=1.14, 95 % CI 1.00-1.30, p=0.048; b (exp)=1.15, 95 % CI 0.997-1.32, p=0.055]. Therefore, the results of analyses using the overall sample are the focus of this study. Comparison of those respondents included and excluded from the current analysis revealed that respondents included in the analysis reported a higher number of chronic diseases-included [mean=1.4 (± SD=1.4)]; excluded [mean=1.2 (± SD=1.4], p=0.009-compared with those excluded from the analysis. No other significant differences were observed between those included and excluded from the analysis. Table 1 provides a summary of participant characteristics. There was an equal proportion of males (48.5 %) and females (51.5 %). The median BMI was 26.51 and approximately 45 % of the participants only worked during daytime hours. The median number of health conditions reported was 1, and 67.7 % of participants reported at least one health condition. Anxiety and depression were among the health conditions participants could report and 12.1 and 18.0 % of participants reported these conditions respectively. More than half (52.5 %) of the sample reported bed-times that varied by 30 min or more, while 33.9 % reported rise-times that varied by 30 min or more. Participants reported a median of 5 days of insufficient sleep in the past 30 days and 29.8 % of participants reported 14 or more days of insufficient sleep. Table 2 shows that in the unadjusted models (model 1) more variable bed-times and later usual bed-times were associated with lower dietary quality. Following adjustment for sociodemographics (model 2) and sleep insufficiency (model 3) more variable bed-times, but not later bed-times, remained significantly and negatively associated with dietary quality. Table 3 shows that more variable bed-times were associated with fewer minutes of physical activity (models 1 and 2), although this association was no longer statistically significant following adjustment for sleep insufficiency (model 3). Later rise-times were associated with fewer minutes of physical activity in all analyses (models 1-3).
Diet quality
Physical activity
Alcohol consumption
More variable bed-times were associated with higher alcohol intake in all analyses (models 1-3). Later bed-times were associated with lower alcohol intakes in all analyses (models 1-3; Table 4 ).
Sitting time
More variable bed-times were associated with more minutes of sitting in all analyses (models 1-3). Later rise-times were only associated with greater sitting time in the unadjusted model (model 1; Table 5 ). 
Sleep insufficiency
More variable bed-times and later bed-times were associated with more frequent sleep insufficiency (model 1-2). Later rise-times were associated with less frequent sleep insufficiency following adjustment for sociodemographics (model 2; Table 6 ).
Lifestyle behavior index
Greater bed-time variability and later bed-times were negatively associated with the lifestyle behavior index (Model 1), indicating a less favourable pattern of lifestyle behaviors. However only the association with bed-time variability remained statistically significant following adjustment for socio-demographics (model 2; Table 7 ).
Discussion
The aim of this study was to examine the association of variation in bed-and rise-times, and usual bed-time and rise-time with dietary quality, physical activity, alcohol consumption, sitting time, sleep insufficiency and a composite index of these behaviors. Outcomes show that larger variation in bed-times were associated with significantly poorer dietary quality, higher alcohol consumption, higher daily sitting time, more frequent insufficient sleep, and lower scores on the lifestyle behavior index. Later bed-times were associated with lower alcohol consumption and more frequent insufficient sleep, while later rise-times were associated with lower levels of physical activity and less frequent insufficient sleep. Several studies have observed that later bed-times are associated with poorer physical activity and dietary behaviors (Haraszti et al. 2014; Kanerva et al. 2012; Lucassen et al. 2013; Sato-Mito et al. 2011) , although these studies did not account for variation in the timing of sleep which can vary due to participation in social and work activities (Grandner et al. 2010; Wittmann et al. 2006) . This study extends this area of research by examining bed-and rise-times and variability in these times, observing that more variable bed-times were consistently associated with poorer lifestyle behaviors. The study Table 3 Associations between variability in bed-and rise-times, bed-and rise-times and physical activity in Australian adults (n=1317) design precludes casual inferences to be made regarding directionality of association (i.e., whether more 'regular' lifestyle behaviors lead to less variable sleep timing or vice versa). Yet promoting more consistent bed-times to foster a more health-promoting pattern of lifestyle behaviors may be a powerful, yet infrequently applied, strategy in the prevention of chronic disease. This is reinforced by evidence that higher sleep quality, dietary quality, physical activity, moderate alcohol consumption and reduced sitting time are all associated with reduced risk of chronic disease and mortality (Hoevenaar-Blom et al. 2013; Martinez-Gomez et al. 2013) . Such approaches align with calls for greater emphasis on sleep health from a public health perspective (Buysse 2014; Kaneita 2014; Luyster et al. 2012; Spruyt 2014 ) and the fact that approximately one-third of the population reports frequent insufficient sleep (≥14 days), as reported in this and other studies (Hillman and Lack 2013; Liu et al. 2013; Shankar et al. 2010; Wheaton et al. 2011) . This study used a 30-min criteria to classify higher levels of variation in the timing of sleep, whereas others suggest that minimising the variation in the timing of sleep to less than 1 hr is an appropriate target to improve sleep Manber et al. 1996) . Identifying the most effective target for minimising variation in the timing of sleep is important as sleep is increasingly focussed on in the public health context. This will require longitudinal and intervention study designs which will allow examination of how different amounts of variability in time to bed-and wake influence sleep and other lifestyle behaviours. Irish et al. (2014b) noted that there is currently a lack of strong evidence for promoting regular bed-and risetimes to improve sleep quality in populations without clinical sleep disorders. The findings of this study partly address this gap by demonstrating that greater variation in bed-times were associated with more frequent days of insufficient sleep in a sample of the general population. Variability in rise-time was not associated with the frequency of insufficient sleep when adjusting for socio-demographics, which is somewhat unexpected given the emphasis placed on consistent rise-times in sleep hygiene recommendations for clinical populations (Morin 2011) . The absence of an association between rise-time and sleep insufficiency may reflect the use of a sample of the Table 5 Associations between variability in bed-and rise-times, bed-and rise-times and sitting time in Australian adults (n=1317) More variable bed-times were associated with higher alcohol consumption, whilst later bed-times were associated with reduced alcohol consumption, this later observation is in contrast to previous findings (Kanerva et al. 2012 ). These contrasting findings may be due to the low to moderate levels of alcohol intake reported in this sample; however, these findings oppose the existing literature documenting relationships between later bed-times or evening chronotypes and greater alcohol consumption (Kanerva et al. 2012; McGlinchey and Harvey 2015; Watson et al. 2013) . Greater variation in bed-time was also associated with a higher amount of daily sitting time.
If greater variation in bed-times does increase sitting time, it will be useful to clarify the context of where and when this sitting is accumulated to guide future intervention efforts. Gaining this knowledge will require different measurement approaches to those in the current study, including valid objective measures of sitting, physical activity and sleep times, as well as time-use diaries to clarify the context of where sitting time is accumulated (Gomersall et al. 2011; Stanton et al. 2014) . The lack of associations observed between rise-times and variability in rise-times may be attributed to the fact that these behaviors are frequently constrained by factors such as starting times at work. Limitations of the current study include no measure of chronotype (i.e. morningness-eveningness preference), a lack of objective measures of behaviors examined and their timing (i.e. time of day activity was performed, food consumed) and the cross-sectional nature of the study. Variability in bed-times and rise-times have been shown to decrease as people age (Bliwise et al. 2005) and, given the age of the participants in this study (median=57, IQR=20), a number of participants may have already established a more regular pattern of sleep. This would have reduced the magnitude of the observed associations. To gain a better understanding of these associations, a greater diversity of ages including those from previously identified key transition periods need to be examined (e.g., young adulthood). Additionally, although the analyses adjusted for a number of medical conditions, this did not include a measure of diagnosed sleep disorder. As a result, it was not possible to examine the potential influence of including individuals with sleep disorders on the findings of this study. These limitations are tempered by the use of a large sample of the general population with reported levels of sleep insufficiency similar to other studies, and validated measures of sleep, sleep timing, physical activity, alcohol consumption, dietary behaviors and sitting time.
In conclusion, greater variation in bed-times were associated with poorer individual lifestyle behaviors and a poorer overall index of health behavior, all of which may increase risk of chronic disease. Further work is required to identify the threshold at which variation begins to negatively affect sleep and other lifestyle behaviours to inform future interventions. These observations suggest that integrating strategies to minimise variation in bed-times and risetimes may be a useful adjunctive behavior change strategy to assist in improving daytime behaviors. Continued research allowing causation to be examined is needed to determine the utility of this approach. Author contributions MJD conceived the study, analyzed the data, and drafted the manuscript. ALR and CEK assisted with developing analysis approach. All authors contributed to study design, interpretation of the results, and manuscript preparation. All authors have read and approved the final manuscript.
